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49. (Cancelled) The apparatus of claim 48, wh e r e in, said forming compon e nt forms a tir e 
s e at b e ad having approximately a 5^ -aftgle7 

50. (Original) The apparatus of claim 45, wherein, said forming component forms a 
flange into said rim portion of said unitary wheel. 

51. (Original) The apparatus of claim 45, wherein, said forming component forms a 
unitary wheel having a flat or semi-drop center rim. 



REMARKS 



Status of the Claims 

In the present Office Action, the Examiner asserted that no copy of the priority 
application was of record. 

In the present Office Action, Figures 1-8 were objected to as not including the legend 
"Prior Art." Figures 1-15 were objected to as lacking reference characters. Reference character 
1 was objected to as showing a flange, not a gutter. The Examiner further objected to the 
drawings, arguing that the drawings should when possible show the improved portion itself, 
when the invention comprises an invention over the prior art, and in particular, that the drawings 
do not show how a tire could be mounted on the rim of the present invention, asserting that the 
figures showed only a single bead seat and rim flange. 

In the present Office Action, the Abstract of the invention was objected to. 
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In the present Office Action, the specification of the application was objected to as 
having the claims to priority in Paragraph 0009, not Paragraph 0001 . 

In the present Office Action, claims 3-5, 7, 29, 31, 36, and 40 were objected to as having 
several informalities. 

In the present Office Action, claims 2, 16, 29-44, and 47 were rejected under 35 U.S.C. § 
1 12 as being indefinite or unclear. 

In the present Office Action, claims 1-4, 6-9, 11-19, 21-23, 25-28, 30-39, 45-48, and 50- 
51 were rejected under 35 U.S.C. § 102(b) as being anticipated by Jurus '810. 

In the present Office Action, claims 1-51 were rejected under 35 U.S.C. § 102(e) as being 
anticipated by Srivathsan. 

In the present Office Action, claims 5, 20, 29, 40-44, and 49 were rejected under 35 
U.S.C. § 103(a) as being obvious over Jurus in view of Ashley et. al. 

In the present Office Action, claims 10 and 24 were rejected under 35 U.S.C. § 103(a) as 
being obvious over Jurus in view of Beyer. 

In the present Office Action, claims 1-51 were provisionally rejected on the ground of 
obviousness-type double patenting as being unpatentable over claims 1-51 of copending 
application 10/585,468. 

In the present Office Action Response, Independent claims 41-44 are herein cancelled, 
and dependant claims 4, 5, 12, 13, 19, 20, 26-28, 38, 39, 48, and 49 are also cancelled. 
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Argument 

1.0 The Present Application 

Claims 1-51 are presently pending in the present application, titled Wheels of Single 
Component Construction and Method of Making, which is directed towards a method of 
manufacturing a unitary steel wheel having a 5° taper bead seat, equipment required therefore, 
and the resultant improved wheel. The application as pending comprises nine (9) independent 
claims, and 42 claims depending from those independent claims. Four (4) independent claims 
and thirteen (13) dependant claims are cancelled herein. 

At the present, almost all commercially produced wheels are manufactured from several 
components, which are later joined to form a complete wheel assembly, which includes a center 
disk portion for mounting to the hub of a vehicle, and an outer rim portion, onto which a tire may 
be mounted. Wheels which form the center disk and the rim separately have issues regarding 
concentration of stresses resultant from the joining method, while wheels which use a multi-part 
rim section have not only stress concentration problems, but also sealing problems between the 
halves of the rings. 

Prior art unitary wheels are limited, in that the shapes which could be formed were not 
practical with existing vehicle requirements, were formed out of materials such as aluminum, 
which do not share the strength and cost advantages of steel, or relied on processes which 
introduced adverse characteristics to partially formed wheels, such that later processing steps 
were impeded. Accordingly, the few attempts at the fabrication of unitary steel wheels have not 
been commercially successful. 

The present invention utilizes a round steel blank which is spin formed to form a 
cylindrical section, which comprises the center disk and complete rim. The steel blank is 
provided with a center hole, the center of which forms the axis of rotation of the blank for the 
manufacturing operations. The blank is first spin formed to form a cylindrical preform, which is 
then further processed in a spin forming machine to form inner and outer bead seats and flanges 
on the cylindrical outer portion of the perform. One bead seat of the present invention utilizes a 
5° taper. Finally, additional features as required, such as mounting bolt holes and vent holes to 
allow air circulation, may be formed on the unitary wheel. 
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Jurus, U.S. Pat. No. 4,554,810, is directed towards a segment of a complete wheel. The 
segment includes part of the outer rim, as well as the center disk. Jurus does require, however, 
that the second segment to complete the outer rim, be formed separately, and thus does not 
disclose a unitary wheel, or a method for forming one. In particular, the structure of Jurus does 
hot include both bead seats on a unitary piece. 

Evans U.S. Pat. No. 4,185,370 likewise does not disclose a unitary wheel, but rather only 
a method for forming the outer rim portion, leaving the center disk as a separate assembly. 

Ashley Jr., et. al., U.S. Pat. No. 4,962,587 also does not disclose a unitary wheel, but 
rather a rim portion which would then have to be joined to a center disk. 

Beyer U.S. Pat. No. 4,528,734 is thus the most relevant reference, as it does describe a 
unitary wheel, although the fabrication method is limited to the use of soft alloys, as a result of 
the reliance on forging to form the perform. The use of forging operations work hardens the 
material, as well as creates a second, significant limitation to the process of forming the wheel: 
as the preform is formed by forging, the center axis of the pre-form is not of necessity the same 
as the axis of the spin forming operation. Thus, not only can the resultant wheel have 
concentricity issues, spinning operations performed as a later part of the process may see large 
tool load variations resultant from the lack on concentricity. Thus, the formation of the pre-form 
through a forging process creates significant limitations, as opposed to the wheel of the present 
invention. 

3.0 Copy of Priority Application 

In the present Office Action, the Examiner noted that no copy of the priority application 
was of record. 

The present Application is a U.S. National Application filed under 35 U.S.C. § 371, and 
accordingly Applicant believes that certified copies of the underlying Indian Applications are not 
required. Notwithstanding, Applicant submits herewith copies of the certified priority 
documents as Exhibit A. 
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4.0 Correction of Drawings 

In the present Office Action, Figures 1-8 were objected to as not including the legend 
"Prior Art", and as lacking reference characters. Figures 1-15 were objected to as lacking 
reference characters. 

Figures 1-8 all represent the prior art rim. Accordingly, the legend "Prior Art" has been 
added to Figures 1-8. 

Applicant has further amended the specification and Figures to add additional reference 
characters. With respect to the failure of other Figures to illustrate a tire mounted on the rim of 
the present invention, or the rim of the present invention mounted on a vehicle, these claims have 
been cancelled, and accordingly the rejections are believed no longer relevant. 

5.0 Correction of the Abstract 

In the present Office Action, the Abstract of the invention was objected to. Applicant has 
revised the Abstract, and a substitute Abstract is submitted herewith. 

6.0 Correction of the Priority Claim 

In the present Office Action, the specification of the application was objected to as 
having the claims to priority in Paragraph 0009, not Paragraph 0001. 

Paragraph 0009 has been moved to precede Paragraph 0001, and amended to properly 
reflect the present applications priority claim from PCT Application PCT/IN2005/000006, titled 
"Wheels of Unitary Construction and Method of Making Same," and accordingly the objection is 
believed overcome. 
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7.0 Correction of Informalities 

In the present Office Action, claims 3-5, 7, 29, 31, 36, and 40 were objected to as having 
several informalities. 

. Claims 4 and 5 are herein cancelled, and the objections are thus believed moot. 
With respect to claims 3 and 7, the errant comma has been removed. 

With respect to claim 29, the errant periods have been removed, as well as the requested 
comma added. The spelling of preform has been corrected (with apologies for the tendency of 
auto spelling correction to randomly correct preform to perform.) The requested replacements of 
the terms "of and "of a" have been entered. 

With respect to claim 31, spelling of preform has been corrected. 

With respect to claim 36, a missing period has been added. 

With respect to Claim 40, the preamble of the claim has been corrected to read "An 
apparatus," and a comma has been inserted after "flange", and after "blank". 

8.0 Rejections under 35 U.S.C. § 112 

In the present Office Action, claims 2, 16, 29-44, and 47 were rejected under 35 U.S.C. § 
1 12 as being indefinite or unclear. 

Claims 38, 39, and 41-44 have been herein cancelled, and accordingly the rejection is 
believed moot with respect to these claims. 

Claims 2, 16, 29, 40-44, and 47 were rejected on the assertion that the term was being 
redefined to mean flange. Applicant disagrees with the assertion that Applicant has redefined 
"gutter" to have a meaning other than the meaning commonly understood in the art, i.e., a 
channel at the base of a bead seat to prevent a tire from displacing from the bead seat. The 
Examiner has asserted that the Figures identify the gutter as being the flange. While the gutter is 
generally partially formed by, and thus adjacent to, the flange, the flange is not specifically the 
gutter. Accordingly, the rejection is traversed. 

Claim 29 was asserted to be indefinite, as including limitations addressing the forward 
direction and the backward direction. These are terms from a particular embodiment of the 
manufacturing process, are not believed to be necessary to the present invention, and accordingly 
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have been deleted. With respect to the phrase "formed in subsequent operations," this language 
has been deleted as it merely foreshadowed later steps to the method. 

Claims 30 and 32 were rejected due to the use of the phrase "the same" to refer to the 
previously introduced blank. These claims have been amended to use the phrase "the blank", 
and accordingly the rejection is believed overcome. 

Claims 35-36 and 40 were rejected due to the inclusion of the phrase "conventional 
press." The type of the press is irrelevant to the present invention, and the word "conventional" 
has been deleted. 

As claims 41 and 42 have been herein cancelled, the rejections with respect to these 
claims are believed moot. 

9.0 Rejections under 35 U.S.C. § 102(a) 

9.1 Claims 1-4, 6-9, 11-19, 21-23, 25-28, 30-39, 45-48, and 50-51are not 
anticipated under 35 U.S.C. § 102(e) by Jurus '810 

In the present Office Action, claims 1-4, 6-9, 11-19, 21-23, 25-28, 30-39, 45-48, and 50- 
51 were rejected under 35 U.S.C. § 102(b) as being anticipated by Jurus. Claims 1, 14, 29, 40, 
and 45 are the remaining independent claims in the present application, and the rejections are 
herein addressed with respect to the independent claims, such that the failure of Jurus to disclose 
key limitations in each of those claims prevents Jurus from anticipating the present invention as 
claimed. 

With respect to claim 1, claim 1 as herein amended makes clear the distinctions between 
Jurus and the present invention, i.e., that Jurus does not disclose a unitary wheel(See, e.g., figure 
2 of Jurus), in that Jurus forms a first portion which encompasses the center disk, and part of the 
outer rim, with a second part of the outer rim being formed as a separate component. Jurus thus 
at a minimum does not include a unitary wheel having two bead seats on the outer rim portion, 
and thus Jurus does not anticipate claim 1 of the present invention 

With respect to claim 14, claim 14 as herein amended makes clear the distinctions 
between Jurus and the present invention, i.e., that Jurus does not disclose a unitary wheel, in that 
Jurus forms a first portion which encompasses the center disk, and part of the outer rim, with a 
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second part of the outer rim being formed as a separate component. Jurus thus at a minimum 
does not disclose a method involving forming two bead seats on the outer rim portion, and thus 
Jurus does not anticipate claim 14 of the present invention. 

With respect to claim 29, claim 29 as herein amended makes clear the distinctions 
between Jurus and the present invention, i.e., that Jurus does not disclose a unitary wheel, in that 
Jurus forms a first portion which encompasses the center disk, and part of the outer rim, with a 
second part of the outer rim being formed as a separate component. Jurus thus at a minimum 
does not disclose a method involving forming two bead seats on the outer rim portion, and thus 
Jurus does not anticipate claim 29 of the present invention. 

With respect to claim 40, claim 40 as herein amended makes clear the distinctions 
between Jurus and the present invention, i.e., that Jurus does not disclose a unitary wheel, in that 
Jurus forms a first portion which encompasses the center disk, and part of the outer rim, with a 
second part of the outer rim being formed as a separate component. The apparatus of Jurus 
shares these deficiencies. Jurus thus at a minimum does not disclose either a unitary wheel 
having two bead seats on the outer rim portion, or an apparatus for forming such a wheel, and 
thus Jurus does not anticipate claim 40 of the present invention 

With respect to claim 45, claim 45 as herein amended makes clear the distinctions 
between Jurus and the present invention, i.e., that Jurus does not disclose a unitary wheel, in that 
Jurus forms a first portion which encompasses the center disk, and part of the outer rim, with a 
second part of the outer rim being formed as a separate component. The apparatus of Jurus 
shares these deficiencies. Jurus thus at a minimum does not disclose either a unitary wheel 
having two bead seats on the outer rim portion, or an apparatus for forming such a wheel, and 
thus Jurus does not anticipate claim 45 of the present invention 

9.2 Claims 1-51 are not Anticipated under 35 U.S.C. § 102(e) by Srivathsan 

In the present Office Action, claims 1-51 were rejected under 35 U.S.C. § 102(e) as being 
anticipated by Srivathsan. 35 U.S.C. § 120(e)(1) provides: 



(e)(1) An application for patent filed under section 111(a) or section 
363 of this title for an invention disclosed in the manner provided by 
the first paragraph of section 112 of this title in a provisional 
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application filed under section 111(b) of this title, by an inventor or 
inventors named in the provisional application, shall have the same 
effect, as to such invention, as though filed on the date of the 
provisional application filed under section 111(b) of this title, if the 
application for patent filed under section 111(a) or section 363 of this 
title is filed not later than 12 months after the date on which the 
provisional application was filed and if it contains or is amended to 
contain a specific reference to the provisional application. 

The present application was filed pursuant to35U.S.C.§371, with an appropriate 
priority claim under 35 U.S.C. § 363. Although the specification as filed failed to make note of 
the claim to priority from the PCT case has been corrected herein. 

Further, the case asserted as being referenced as a 102(e) reference was filed on the same 
date as the present case, both with respect to the PCT filings underlying both cases, as well as the 
US applications underlying both applications. 

Finally, the asserted reference is not the filing of another, as both applications have the 
same inventors, and are filed in the name of the same entity. 

Accordingly, the asserted reference is not valid prior art, and the rejection is believed 
traversed. 

10.0 Rejections under 35 U.S.C. § 103(a) 

In the present Office Action, claims 5, 20, 29, 40-44, and 49 were rejected under 35 
U.S.C. § 103(a) as being obvious over Jurus in view of Ashley et. al. 

In the present Office Action, claims 10 and 24 were rejected under 35 U.S.C. § 103(a) as 
being obvious over Jurus in view of Beyer. 

Claims 5, 20, 41-44, and 49 have been cancelled herein, and accordingly, only claims 10, 
24, 29 and 40 remain subject to the asserted obviousness rejections. 

10.1 Claim 29 is Not Obvious Over Jurus in view of Ashley 



As noted above, neither Jurus nor Ashley discloses a unitary wheel, and thus the 
combination of Jurus and Ashley cannot render the present claim 29 obvious, as there is not only 
no teaching, but likewise no suggestion or motivation to combine the references to arrive at the 
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present invention. Jurus and Ashley both explicitly require a multi-part rim, with the attendant 
disadvantages associated therewith. 

10.2 Claim 40 is Not Obvious Over Jurus in view of Ashley 

As noted above, neither Jurus nor Ashley discloses a unitary wheel, and thus the 
combination of Jurus and Ashley cannot render the present claim 40 obvious, as there is not only 
no teaching, but likewise no suggestion or motivation to combine the references to arrive at the 
present invention. Jurus and Ashley both explicitly require a multi-part rim, with the attendant 
disadvantages associated therewith. 

10.3 Claims 1 and 10 are not Obvious over the Cited References 

As noted above, Jurus does not disclose a unitary wheel. Beyer does not disclose spin 
forming a center disk, but rather relies on forging, and is further limited to the use of soft alloys, 
thus teaching away from combining the spin formed steel center disk of the present invention. 
Furthermore, neither reference teaches the formation of a 5° bead seat in conjunction with a 
unitary wheel. Thus, the combination of Jurus and Beyer cannot render the present claim 1 
obvious, as there is not only no teaching, but likewise no suggestion or motivation to combine 
the references to arrive at a unitary wheel having a 5° bead seat of the present invention. As 
claim 10 depends from claim 1, the limitations which are not taught or suggested by Jurus in 
view of Beyer are present in claim 10, and accordingly claim 10 cannot be obvious over the 
asserted combination either. 

10.4 Claims 14 and 24 are not Obvious over the Cited References 

As noted above, Jurus does not disclose a unitary wheel. Beyer does not disclose spin 
forming a center disk, but rather relies on forging, and is further limited to the use of soft alloys, 
thus teaching away from combining the spin formed steel center disk of the present invention. 
Furthermore, neither reference teaches the formation of a 5° bead seat in conjunction with a 
unitary wheel. Thus, the combination of Jurus and Beyer cannot render the present claim 14 
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obvious, as there is not only no teaching, but likewise no suggestion or motivation to combine 
the references to arrive at a unitary wheel having a 5° bead seat of the present invention. As 
claim 24 depends from claim 14, the limitations which are not taught or suggested by Jurus in 
view of Beyer are present in claim 24, and accordingly claim 24 cannot be considered obvious 
over the asserted combination either. 

11.0 Provisional Obviousness Type Double Patenting 

In the present Office Action, the. Examiner asserted a provisional rejection of claims 1-51 
of the present invention. 

Applicant does not agree that Applicant is claiming the same invention in both 
applications. While the inventions are clearly related, they are directed towards different 
products. Furthermore, as the scope of any claims to be allowed is unknown at this time, 
Applicant believes it premature to enter a terminal disclaimer in the absence of a comparison of 
allowable claims. 

10.0 Conclusion 

Based upon the above remarks, Applicant respectfully requests reconsideration and 
withdrawal of this restriction requirement and early allowance of the pending claims. Should the 
Examiner feel that a telephone conference with Applicant's attorney would expedite prosecution 
of this application, the Examiner is urged to contact the undersigned attorney. 



Respectfully submitted, 




Carl H. Pierce 
Registration No. 45,730 
2500 One Liberty Place 
1650 Market Street 
Philadelphia, PA 19103-7301 
(215) 851-8100 
Attorney for Applicant 
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t -A SEMI-DROP CENTER RIM AND 

INTEGRAL WHEEL CONSTRUCTION 



< 

±~ WHEELS INDIA LIMITED 

ID - PADI, CHENNAI 600 050. 

Nationality : Indian 



The following specification particularly describes the nature 
of invention and the manner in which it is to be performed. 



, _ feral ifelates to road $H^ls$f vehidfes. In particular this Invention 
,J construcfiori of vehicle steel wheel Of 5* toper bead-seat of flat or semi-drop 
Hrx\ used but riot limited for commertiaru^. this Mention further relates to a 

^taper bead-seat wheel tine bead seat area would have a 5° taper and profile 
Sff^ijite contact is Involved) as defined In the International tire arid rim standards / 
J^k./ h*nd books such as ETRTO, T&RA, JATMA. This ts applicable for all 5° bead 
Hppms f.e. It Includes semi drop center; flat base etc. Mainly this Is for tube type 
^Iplfcation. It can be used as tubeless type only when a suitable sealing exists (as 
^pommended by tire manufacturer), it has to be used along with the suitable 
B|$movable flange / flanges (as recommended by wheel manufacturer) at the end/ends 
Wof the rim. 
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0 titis invention relates to a construction, apparatus and a method of producing integral 
wheel rim and disc assembly of a 5° taper bead-seat of flat or semi-drop center rim, 
providing a generally circular steel blank from a sheet stock of pre-determlned uniform 

r thickness, the blank is preferably with a center hole pierced to a predetermined sire. 
S^WThe blank Is preformed in spinning machine to a predetermined cylindrical profile & 
fe shape, such perform Is further spun and flow formed In a spinning machine, the 

1 preform being positioned between an outer roll & Inner mandrel and held against the 
damping plate, such inner mandrel comprise of a outboard surface which conforms to 
the predetermined inner diameter of the rim comprising of gutter portion, the well, the 
bead-seat and fixed flange and such outer roll comprise of outboard surface which 
confirms to the final shape and profile of the gutter wall. The preform peripheral 
cylindrical portion Is then spun against the outboard surface of the Inner mandrel & 
outboard surface of the outer roll to displace the material In backward & forward 
direction to the final profile and shape of the gutter wall and predetermined profile a 
form of well, bead-seat, fixed flange respectively. The spun rim comprising of gutter, 
well and bead seat is further spun and flow formed in a spinning machine, bang 
positioned between an outer mandrel and an inner damping plate, such outer mandrel 
comprise of a inboard surface which conforms to the final shape of the fixed flange 
and 5° angle to the bead-seat, is spun and flow formed against the inner surface of 
the outer mandrel by a shaping roller of predetermined shape to form the final shape 
of the fixed flange and 5° bead-seat 

PREPRAKT 

In Its most conventional form, a fabricated sheet steel wheel of a 5° taper bead-seat 
Of flat-base or semi-drop center rims for a vehide, the rim Inner periphery have 
welded or jointed central disc also made of sheet steel* The tire mounts on the outer 
periphery of the rim supported by the central disc, which provides a means of 
attachment to spindle hubs, brake drum or other like associated parts of the vehide. 
It is essential that the rim and disc, in their assembled relationship, insure perfect 
roundness of the rim and accurate axial alignment of the rim with respect to the disc 
Deviations In the respective directions being termed as "radial* and "axial" run-outs, 
the Vehide manufacturers establish extremely rigid spedficattons in the tolerances for 
these dimensions. 

When such wheels are manufactured in the conventional method, the rim and discs 
are normally made as separate components. These two components are then 
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assembled together in a press or In a fixture, the disc fixed at Its outer peripheral 
flange to the Inner periphery of the rim by welding or some other like method to form 
the complete wheel assembly. In the conventional method of making the nms by 
using a butt-welded hoop made out of a strip of hot rolled sections or plate, achieving 
such a dose tolerance on the roundness has found to be extremely difficult due to the 
localized "kink" In the region of butt welded joint and the non-uniform spring back 
during the rim diameter-calibration operation, likewise accurate dimensional control in 
making the disc are also found difficult due to cold press forming Inconsistency, 
brought about by dimensional and properties variation of the Input material. Further 
substantial distortion due to welding the two parts requires further corrective 
additional costly operation to ensure that the axial alignment is held within limits. It is 
appreciated by the people who are skilled in the manufacturing wheels that such 
distortion once occurred cannot be corrected completely and a welded assembly does 
not lend itself well to the rigorous balancing and centering of the wheel Such shift in 
the axial alignment and also the localized kink in the rim In the region of the butt 
welded joint Is known to produce first harmonics during vehicle running causing 
vibration and high noise. The .axial shift between the disc and the rim also produces 
imbalance of the wheel causing vehide disturbance or thumping / shake. 

Further when such wheels have been run with test overloads to induce f^ute^faague 
cracks have usually occurred In the center of the disc where It is attached to its 
supporting axle and In the welds, which have attached the rim to the disc 

Another problem of the wheel of conventional design is due to the constraint of using 
break drum of larger size. This Is due to the disc peripheral portion being assembled 
under the rim, thus restricting space for accommodating a break drum of larger size. 
Today's vehide carries more loads at high speed. From the point of view safety it is 
necessary to provide for a greater area for a larger envelope break components for 
Improved breaking performance. 

The use of integral wheel rim and disc assembly of a 5° taper bead-seat of flat or 
semi-drop center rims of low carbon and high strength steel, would lead to a 
noticeable reduction in weight, would fadlitate balandng and centering. 

It is well recognized that wheels are not only critical to the safety of an automotive 
vehide butalso being an un-sprung mass has a pronounced effect on vehicle stoomty 
and driving cbmtort It Is thus obvious that only an Integral wheel nin and disc 
asseMbry ofi a^.taper bead-seat of flat or semi-drop center rims constroctton and a 
m^^^W^^^^ ^ ^^ sa«Sfy the requirement as enumerated as 
•ab^ve^.iK «^rk.w^ v v,- r, - 

However, nup to the* present ^bme none of the prior processes has enabled to be 
Mfecefa ym^mmmm 'disc assembly of a 5° taper bead-seat of flat or 
semi-drop center rims construction under satisfactory technical and/or economic 
conditions, either on account of the fart that they do not lend i^m^es to m^s 
production at an attractive cost price, or on account of the fart that the wneeis 
obtained do not satisfy the requirements of the users, strength, minimal unbalance 
and first harmonic content, and accuracy of the significant dimensional characteristics. 

The present invention relates to a apparatus and method tor producing integral steel 
wheel rim and disc assembly of a 5* taper bead-seat of flat base or semi-drop center 
rims for vehldes, which lends Itself particularly well to mass production and provides 
wheels which meet the requirements of users such as have just been enumerated 
above. A vehide Integral wheel rim and disc assembly of a 5° taper bead-seat of flat 
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« — whee, 

2£JS2Sr ° b,ttt of *«— <°P™vldeforaw„ee, „,„,„,, very ^ ^ 
Mother object of mvendon ,s te p™^, for . whMl ^ vefy , w ^ 
ft * another object or lnvenlion t0 provMe f „ , ^ ^ ^ ^ 

the blanks. ra '^°f 0**1 width; diameter and offset may be producedfrom 

JSK^SSSTJ; «-* — Improve onoormfty 

l*Te^5, S * <ne aforementioned character. 

S^^SS^J^ on Imp™* manufacmn^ system, 
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bead-seat, fixed flange and the final profile and shapTo?^S e ^ 2 t^.lfJ' 
The spun rim comprising of gutter, well and b^S^^Si^J^S^^L 

^Sed m ^Sy & ShaPi0fl 0PeraB ° n ' 0,6 Center ™ e - the mounting holes 
The principal objects of the present invention are to provide a unique low cost method 

fromS S °„3 "L ^"""rS r rims and ,,ke - Steel bla «* is formed 
rrom sneet stock, and is spin and Bow formed in a spinnina operation to rMnno 

manufacturing costs. The spinning & flow forming technique eSs too* rtto a 

simple forming surfaces, which minimizes their associated manufaXg cost as well 

Si22 r ^ enSeS - 2* ,f p,n form{ "9 ^chine can be easi™ Sw^S to form 
different shapes, such that the present method is especially suited for maSno 
specialty and/or low volume wheel designs as well nl£5!Z*£i adapted tor 
manufacturing one-piece type vehicle wheels for bulk tnSSSSS. 

SSeclaS bv e L^r^ ,° f 2* ,nvent,on wm be understood and 

appreciated by those skilled In the art by reference to the following written 
specification, daims and appended drawings. following written 

BRIEF DESCRIPTION op THE BB&MflB IBS 

In** uS^SSif 3 ^ 9 ,S ,ntended to prov,de rurther understanding of Invention 
and is ncorporated in and constitutes a part of Invention. The drawings Illustrate an 

SSKT* lnvenoon and t09ether w,th the d ^°™ '2*2? 5353 

Spe ° 0t 56 ^ 35 ' mp,y,n9 a " y ne0ei?S3ry Kmftaaon 00 «"■*'■' 
foven d Sn! n9S "* "™ * Way ° f non - tim ^ ^ple to explain the nature of the 

t F he%olSoT P ^?Kn"f u t3 ? ding 0f 016 jnstent ,nven0on referen « "ow made to 
the following descnpbon taken in conjunction with accompanying drawings. 

ISSJEEi Uf^i ° f T?* wWcn ^racteria the invention are pointed out 
S ' y ^SSf 2** a a part of description. For a better understanding of Se 
invention, its operating advantage, specific objects obtained by its use, reference 



- )'• 

should be made to the drawings and descriptive matter is which there are Illustrated 
and described preferred embodiments of Invention, 

Referring now to drawings, where like numerals designate identical or corresponding 
parts throughout the referred views. 

Rg 1 - shows sectional view of a disc blank of the welded 5° taper bead-seat of flat- 
base or semi-drop center construction wheel of the prior art. 

Fig 2 - shows sectional view of a formed disc of the welded 5° taper bead-seat of flat 
base or semi-drop center wheels of the prior art. 

fig 3 - shows sectional view of a disc with mounting, central and vent holes of the 
welded 5° taper bead-seat of flat base or semi-drop center wheels of the prior art. 

Fig 4 - shows a schematic representation the welded hoop from flat plate for the 
manufacture of rims for welded 5° taper bead-seat of flat base or semi-drop center 
wheels of the prior art. 

fig 5 - shows a schematic representation the welded hoop from mill section for the 
manufacture of rims for welded 5° taper bead-seat of flat base or semi-drop center 
wheels of the prior art 

Fig 6 - shows a schematic representation the roiling operation involved In producing 
rims for welded 5° taper bead-seat of flat base or semi-drop center wheels of the phor 
art 

Fig 7 - shows a schematic representation the calibration process steps involved in 
producing rims for welded 5° taper bead-seat of flat base or semi-drop center wheels 
of the prior art 

Fig 8 - shows a schematic representation the assembled disc & rim & welded 5° taper 
bead-seat of flat base or semi-drop center wheels of the prior art. 

fig 9 - Shows a sectional view of disc steel blank with center hole of the one-piece 
steel wheel for producing Integral wheel rim and disc assembly of a 5° taper bead-seat 
of flat or semi-drop center rim in accordance with the present invention. 

Rg 10 - shows a schematic representation of the first stage of spinning process of the 
producing integral wheel rim and disc assembly of a 5° taper bead-seat of flat or semi- 
drop center rim in accordance with the present invention. 

Rg 11 - shows a schematic representation of the spun wheel from the previous step, 
wherein the mounting and center hole is pierced in accordance with the present 
invention. 

Rg 12 - shows a schematic representation of the spun wheel from the previous step 
wherein the vent holes are pierced in accordance with the present invention. 

Rg 13 - shows a schematic representation of the second stage of shows a schematic 
representation of the second stage of forward and backward displacement of material 
during spinning process of producing integral wheel rim and disc assembly of a 5° 
taper bead-seat of flat or semi-drop center rim In accordance with the present 
invention 
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SJE^XZZZ p ^ese«a«on of the final stage of spinning process of 

producing integral wheel rim and disc assembly of a 5° taper bead-seat of flat orseml- 
drop center nm where the bead-seat and fixed flange arV ormed to t£ t£*S3L 
and shape in accordance with the present Invention 

R H 15 "J h ° ws f? ematic ^presentation of the spun wheel from the previous step 
wherein the fixed flange edges are machined. M p ' 

St 1 !" Sh0WS u, perC ? 5tiv S. v,ew t" e one-piece steel wheel of integral wheel rim 
and disc assembly of a 5° taper bead-seat of fiat or semi-drop renter rim In 
accordance with the present invention. 

^BODi£E£S CRim0W 9f THF PWR AffT TOE EB6EEBBEB 

The steps involved in the manufacture of steel discs are blanking of the circular blank 

fj^ST^^T^ Press-forming and piercing the center hole, mouZg 
and vent holes as shown in Rg l, Rg 2 and Rg 3. 

The conventional method of producing the steel wheel is shown in Rg 1 to Rq 8. In 
£m^™^ na ' «£*°d *e disc and the rim are manufactured as separate 
components then welded or Jointed by other means after assembly. 

UlSiS J S J nan , u ? t * ured either by using a flat plate of uniform thickness or using the 
profiled hot rolled plate as shown In Rg 4 and Rg 5. In either case the plate is coiled 
into a hoop, but welded, Joint trimmed and dressed. In the case of flat plate, the 
S. e £ the rim is achieved using press or spinning operations either hot or cold. 
Rnally the rims are roll formed & calibrated for the diameter and out-of roundness 
accuracy as shown in the Rg 6 and Rg 7. 

UImS 1 ^ f ^ a £ d rims are assembled in a press or a fixture and the joints are 
welded or jointed by other means after assembly. The wheels subsequently under 
goes several machining steps to machine center spigot and bolt hole as shown in Rg 

EBEaama empopwents of the usmnm 

Our preferred embodiment of invention is shown in Rg 9 to Rg 15. The followino 

mZSSlSX J VT FT* a)ntemplated mode Sf carrying o2t fflSSS 
l*ZS£? P f V S made f ° r purpose of "'ustrating the general principles of the 

ES£L2SlJ?? d ? 0t * £T 10 8 ,Imltin9 ^ ^ »■» of 'nvention is 
best determined by reference to the appended claims 

L h n 6 "Pl? eP f manufacturing a integral steel wheel rim and disc assembly for 5° 

SSTftSS?"** ° f . flat b3Se ° r Seml " drop center whee,s ,nvolv es a spinning and 
flow forming operation as shown in Rg 10, where in the steel blank of predetermined 

£22^ ** °' ank ,s preferaWv ^ a center h^e^eSTol 
n^ESS T' ,S ^ un and flow f0mied 10 a «C ^axis spinning machine to an 
EImIST^ Shape ' ™ e oration is now explained in greater detail. The blank is 
cSr '?K ner mandrel M1 and »e damping plate CI The roller Ri mounted on 

tSk^^JP^SS ^ ,mpart ro " ,n9 pressure on ^ outer peripheral oTtne 
ttZfSSV'SSSS"! 8nd ^J? 16 Sa . me Bme «» lve P^etermTned cylindrical 
shape and profile to the blank as per the predefined machine program. T*e outboard 



surface of the inner mandrel Ml corresponds to the predetermined Inner diameter of 
rim portion. 

The next Involves pierdng mounting, central and vent holes as shown in Hie fig, 11 & 
fig 12. 

The next step Involve forward & backward spinning to extend the cylindrical portion of 
the perform fronUhe first step to an cylindrical shape of predetermined inner diameter 
and width comprising of gutter region, well and the fixed flange as shown in fig 13 
and at the same time cylindrical portion comprising of gutter region is backward spun 
as shown to a predetermined inner diameter and width. The operation Is now 
explained in greater detail. The preformed blank as shown In fig 12, (s spun and flow 
formed In a CNC 4-axis spinning machine. The preformed blank is positioned between 
inner mandrel M2 and outer roll R2 and clamped prior to spinning operation by the 
clamping plate C2. The roller R2 mounted on CNC hydraulically actuated slide impart 
rolling pressure on the outer peripheral of the preformed Wank to reduce the thickness 
at the required region and at the same time extend the cylindrical portion tea 
predetermined shape and profile as per the predefined machine program, me 
outboard surface of the inner mandrel M2 corresponds to the predetermined inner 
diameter of the rim. The next sequence Is the backward displacement of material 
during spinning operation. The perform cylindrical portion comprising of the gutter 
portion is spun against an outer roll S2, such outer roll outboard surface 
corresponding to the predetermined shape of the gutter profile. The roller R2 is used 
for both forward and backward displacement of material as shown In the drawing. 

The next and the final step Involve profiling the fixed flange portion as stow iin 
Fig 14. The spun rim from previous step comprising of gutter, well and bead seat is 
further spun and flow formed in a spinning machine, being positioned between an 
outer mandrel and damped with an Inner damping plate, such outer mandrel 
comprise of a inboard surface which conforms to the final shape of the fixed flange 
and 5° bead-seat, is spun and flow formed against the inner surface of the outer 
mandrel by a shaping roller of predetermined shape to form the final shape of the 
fixed flange and 5° bead-seat The operation is explained in a greater detail. The 
preformed blank from previous step comprising of gutter, well and bead seat is 
positioned between outer mandrel S3 and damped with an Inner damping plate C3. 
The roller R3 mounted on CNC hydraulically actuated slide Impart rolling pressure on 
the inner peripheral of the preformed blank to reduce the thickne^a^ required 
region and at the same time extend the cylindrical portion to a predetermined shape 
and profile as per the predefined machine program to the final profile & shape of the 
5° bead-seat & fixed flange. 

SAUEBI EEABIBES of the INVENTION ABF Aff FPM,PWSr 

A design / construction of a Integral steel wheel rim and disc assembly for 5° taper 
bead-seat of flat base or semi-drop center wheels of the type having an integral disc 
and rim portion with gutter, well, 5° taper bead-seat and the fixed flange* 

A method of produdng the wheel consists in, providing generally droilar steel blank; 
spinning the blank to of pre-determined uniform thickness and size The blank is 
preferably with a center hole pierced to a predetermined size. The blank is Preformed 
in a spinning operation, such perform further forward & '^Jg^iSS! 
machine, being positioned between an mandrel, outer roll and the ctamptog plate, 
such inner mandrel having a outboard surface which conforms to cylindrical 
predetermined shape of the rim gutter, well, fixed flange & such outer roll have an 



outboard surface corresponding to the gutter profile. The spun perform inner 
peripheral portions Is spin and flow formed against the surface of the Inner mandrel to 
form the final shapes of the rim S° bead seat and flange. 

Ttie method has the step of spin forming the peripheral portion of the blank by 
engaging the same with a forming roller so as to obtain controlled thickness reduction 

and shape in the peripheral portion of the blank. 

-■».-. 

The method has the step of backward spinning a section of the blank peripheral 
portion against the shaping surface of an outwardly positioned roll to form the final 
shape of the rim gutter. 

The method has the step of spin forming a section of the blank peripheral portion by 
engaging the same with a forming roller to form the final shape of the well base shape 
and dimension and at least a portion of the bead seat. 

The method has the step of spin forming the bead seat portion of the blank Inboard 
section against the shaping surface of the outer mandrel to form the final shape of 
fixed flange. 

A method has the step wherein first-named spin forming step includes a plurality of 
passes of the forming roller. 

A method has the step wherein after finish spinning operation bolt holes on pierced in 
a conventional press. 

A method has the step wherein after piercing the bolt holes, vent holes are pierced in 
a conventional press 

The method also Includes the step of providing a disc blank of substantially uniform 
thickness and constructed HSLA steel composition. 

Throughout this detailed description, reference is made to the tools and dies that 
perform the various shaping operations. Because the toolings used in each of the 
shaping operations are conventional devices, which are well known in the metal 
stamping/forming arts, detail description of the same has not been provided. 

It fs to be understood that the invention may assume various alternative orientations 
and step sequences, except where expressly specified to the contrary. It is also to be 
understood that the spedfic devices and processes illustrated In the attached 
drawings, and described in the following specification are simply exemplary 
embodiments of the inventive concepts defined in the appended claims. Hence, 
specific dimensions and other physical characteristics relating to the embodiments 
disdosed herein are not to be considered as limiting, unless the daims expressly state 
otherwise. 

Further, since numerous modifications and changes will readily occur to those skilled 
In the art, it Is not desired to limit the Invention to the exact construction and 
operation shown and described, and accordingly all suitable modifications and 
equivalents may be regarded as falling within the scope of the invention as defined by 
the daims that follow. 
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I. A method of manufacturing a integral steel wheel rim and disc assembly for 5° 
toper bead-seat of flat base or semi-drop center wheels of the type having an 

22? t X *? P 0 * 00 With gutter « we «< 5° bead-seat and fixed flange 
wtierem the said method comprises the following steps 

a) Providing a generally circular blank; 

b) The blank is preferably of pre-determined uniform thickness 

c) The Wank is preferably with a center hole pierced to a predetermined 
size. 

d) Preforming the Wank to predetermined shape & size, the preform 
blank Is spun & flow formed in a CNC spinning machine, being 
positioned between a Inner mandrel and damping plate, such mandrel 
having a outboard surface of predetermined cylindrical shape 
confirming to predetermined cylindrical shape & profile of the rim 
gutter, well and fixed flange. 

e) The spun and flow formed preform to an predetermined cylindrical 
shape & size is further spun in a CNC spinning machine to reduce 
thickness consequently to increase the width in the forward direction to 
an predetermined size while maintaining the predetermined inner 
diameter wherein the well, bead seat and the fixed flange are formed in 
the subsequent operations and at the same time further spinning is 
preformed on the peripheral portion of the cylinder to displace the 
preform cylindrical peripheral portion In the backward direction, 
against the outboard surface of the Inner mandrel & outboard surface 
of the outer ring to a predetermined profile & form of well, bead-seat, 
fixed flange and the final profile and shape of toe gutter wall 
respectively. 

f) The spun preform comprising of finished gutter profile, and cylindrical 
portion comprising of predetermined shape of the well, bead seat & 
fixed flange is further spun and flow formed in a spinning machine, the 
perform being positioned between an outer mandrel and an inner 
clamping plate, such outer mandrel comprise of a inboard surface 
which conforms to the final shape of the fixed flange and 5° angle 
bead-seat, Is spun and flow formed against the inner surface of the 
outer mandrel by a shaping roller of predetermined shape to form the 
final shape of the fixed flange and 5° bead seat. 

2. "Jhe method as claimed in daim l wherein spin forming the peripheral & inner 
portion of the blank by engaging the same with a forming roller so as to obtain 
controlled thickness reduction and shape in the peripheral and inner portion of 
the blank. 

3 * I^fL method as da""* 1 »" claim 1 wherein the material is displaced in the 
backward direction during spinning a portion of the perform peripheral cylindrical 
portion against the outboard surface of an outwardly positioned roll to form the 
final shape of the rim gutter. 



10 



«. The method as claimed in dalm l wherein spin fbrmfna an section nf th» 
stape of the we« base shape and dimension end at least a portion ™m7bead 

5 * 2f r^ =t ^ OCl ^ d ? ned m dairn 1 whereln spin forming the bead seat portion of 

*■ SIT^tESL^yr- after *• ■* — 

9. The method as claimed In dalm 1 wherein fcald <steo f aV «ond<^ h» «r 

11. The method as claimed In 10 wherein the butt-welded hoop of predetermine! 
diameter, width and thickness can also be used to mal^Te ^art 

12. Apparatus for manufacturing a integral steel wheel rim and disc assembly for 5° 
SSTi e f; Seat , 0 I flat base or ""HtaP «nter wheels of the TpTSmm an 
22£ SSfiS? f1 "l p ? rt,on «*» su^. well-base, bead-seat and ftSfStSe 
S foTlo^nX^T^ T^" 5 for prov,d,n * a Seneralfy circular blank 
^S^LSL T 9 1 b,ank t0 of Predetermined uniform thickness the blank is 
preferably w,th a center hole pierced to a predetermined size, the blank Is pre- 

Sne ' n bir2^ EE* ^ P ^ f0fm Wan * iun .n a spinning 

^ a J? 1 ' r ^' ^'"9 Poaboned between an mandrel having a surface which conforms 

5aSf SiSSTJ e rim J Utte f' weM ' flxed «ange and the damping ™e 
tSt!^ P °? * P 0 ' 0005 ,s spun and flow Conned against the T surface of 

"b^ 

13 S! P ^ r !? S L f0r ma "" fe cturing a integral steel wheel rim and disc assembly for 5° 
taper bead-seat of flat base or semi-drop center wheels for a vefrtcteh^na an 
2^tr Portion wlto gutter, well base, bead-seat Xto5lK£S 
manufactured by the process daimed in dalm 1 . 

14. a integral steel wheel rim and disc assembly for s° taper bead-seat of flat base or 
oX ?^ ?"? f0r 8 vehlde havln * a " disc an1*m JK?5lS 

is programmed to term different shapes. 

15 '£.£?? 0d .i 0f man " fat * uri "9 a integral steel wheel rim and disc assembly for 5° 

SIX?*"*" fl3t base or S€m, df ° p center for • vehicte having an 
integral disc and nm portion with gutter, well-base, bead-seat and fixed tenge as 



ii 



described In the description of complete specification and as Illustrated by way of 
drawings accompanying the complete specification. 



16. A Integral steel wheel rim and disc assembly for 5° taper bead-seat of flat base or 
semi-drop center wheels for a vehide having an integral disc and rim portion with 
gutter, well-base! bead-seat and fixed flange as described In the description of 
complete specification and as Illustrated by way of drawings accompanying the 
complete specification. 



Dated this the 7* day of January 2004. 




vet p w ppeh t c mulct) a mcmtmt 



Signature of Applicant 
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This invention relates to a construction, apparatus and a method of producing integral 
wheel rim and disc assembly of a 5° taper bead-seat of flat or semi-drop center rim, 
providing a generally circular steel blank from a sheet stock of pre-determined uniform 
thickness, the blank Is preferably with a center hole pierced to a predetermined size. 
The Wank is preformed in spinning machine to a predetermined profile & shape, such 
perform is further spun and flow formed In a spinning machine, the preform being 
positioned between an outer roll & Inner mandrel and held against the damping plate, 
such Inner mandrel comprise of a outboard surface which conforms to the 
predetermined inner diameter of the rim comprising of gutter portion, the well, the 
bead-seat and fixed flange and such outer roll comprise of outboard surface which 
confirms to the final shape and profile of the gutter wall. The preform peripheral 
portion is then forward & revere spun against the outboard surface of the inner 
mandrel & outboard surface of the outer roll to a the final profile and shape of the 
gutter wall and predetermined profile & form of well, bead-seat, fixed flange 
respectively. The spun rim comprising of gutter, well and bead seat Is further spun 
and flow formed in a spinning machine, being positioned between an outer rnandrei 
and an Inner damping plate, such outer mandrel comprise of a inboard surface which 
conforms to the final shape of the fixed flange and S> angle to the bead-seat, is spun 
and flow formed against the Inner surface of the outer mandrel by a shaping roller or 
predetermined shape to form the final shape of the fixed flange and 5" bead-seat 
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FIELD OF T My gMTf?N 



This invention in general relates to road wheels of venire m n ^ , , 
relates to construction of vehicle steel wheeh of 5w!5 ? part,c " ,ar ms Invention 
not limited- for commercial use This i^nH^n 2 J? drop center rims used but 
manufacturing the said type of wheeL Urth6r re,ates to a metnod * 

Tire bead seat area would have a 5° or 15° hnar „ «=. / . 
involved) as defined in the international L J2T d profi,e (where tlre contac t Is 
books such as ETRTO, ^l^m^U"^^ 5 1 manua,s / "and 
tubeless type tyre application, t£e ^mn SSJlr hL?^ ^ nter is main,v used for 
tubeiess app.ica,ons P Uova' b ^ tube and 

from a sheet stock ^^iSS^S^S^S^ * ST?" 1 * circu,ar b,ank 
center hole Pierced tea pSrm^ 

machine to a predetermined Drofile & ^bSSL H ank L s P reform -ed «n spinning 
and flow formed ^TSScSan£S^St s f na P e < such preform is further spun 
outer roller* inner^nK^ between an 

comprise of a outboard surface whirh rnnf^l dampin 9 P ,ate ' such Inner mandrel 
of the rim well, ^iZStfyZr^T^TLH ?? P' edete ™ined inner diameter 
comprise of outooard surface wSh ™n£^ i° Uter J flan9e and sucn outer 
the inner flangelX 52i ^SSS^t 5 P redetem ^"ed inner diameter of 
outboard surface of tffEE SSTa ^ 2"^ ^ iS Spun a 9 a,nst * e 
predetermined profile & S?m taSSt "J t ° f the 0uter ro,ler to a 

outer flanges respeSvelv The sn^ rim - m * r < & 0uter beaa "-seats, inner & 
well, inner & ouSrbSd I Lte * ^^smg of predetermined semi-finished 

forming I sp?nning 0De rS Tln Zn. ^I! 9 * 5 ' S fUrther Su « ected to a flow- 
accurately loSe in tfe cSte hole ESSi?"*^ £ h,te the di5c portion belnQ 
rim periphery porion *5 l^^b^^^^? 1 ^ plate < th " 
such inner mandrel & outer roH romnn^ «T^^k inner mandrel and outer roller, 
final profile & -shape Vti^STSS ,1"^ SUrface which t0 *a 

flanges, to achieve the flnS SJ »5 I ° Uter bead seats and tne "">*■ * outer 

PRIOR ART 

steel The ««» m^,S« Hfye welded or jointed central disc also made of sheet 
^3^T^52K2ffi ri /"^PP0rted by the centra. dS 
associated parts rfthK^^2212 l K£ ^ b ? k * drum or other ■« 
relationship, insure Mrt2t5SiSilSS5S 15? *! ^ and diSC ' in their ambled 
rim with respect to ttedta ?£evS£n? and accurate axial. alignment of the 

•radial- and "axial" n!n*^ SfZiHo^n^^ 6 direCtions be,n 9 termed as 
spedncationsin^ 65430,15,1 e *-™ly 

aTno™.^^ h the method, the rim and discs 

assembled are then 

of the rim Iv^S* J^!^^ r ^^ to ^ to ^ lnrw P eri P h ^ 

2 



hoop made out of a steel strip of hot rolled sections or plate, achieving such a close 
tolerance on the roundness has found to be extremely difficult due to the localized 
*kink" in the region of butt welded joint and the spring back during the rim diameter 
calibration operation. Further substantial distortion due to welding the two parts 
requires further corrective additional costly operation to ensure that the axial 
alignment between the rim and the disc is held within limits. It is appreciated by the 
people who are skilled in the manufacturing wheels that such distortion once occurred 
cannot be corrected completely. Such shift in the axial alignment and also the 
localized kink in the rim in the region of the butt welded joint is know to produce first 
harmonics during vehicle running causing vibration and high noise. The axial shift 
between the disc and the rim also produces imbalance of the wheel causing vehicle 
disturbance or thumping/ shake. 

Further when such wheels have been run with test overloads to induce failure, fatigue 
cracks have usually occurred in the center of the disc where it is attached to its 
supporting axle and in the welds, which have attached the rim to the disc. 

Further a welded assembly does not lend itself well to the rigorous balancing and 
centering of the wheel. Further the butt-welded joint of the hoop of the rim for the 
conventional process does not always lead to an airtight construction, which is 
necessary for fitting tubeless tires. Further the joint also constitutes a weak point, 
which restricts the useful life. The use of one piece wheels made from our invention, 
would lead to a noticeable reduction in weight as a whole and achieving balancing and 
centering, besides ensuring the air-tightness necessary when using tubeless tires. 

It is well recognized that wheels are not only critical to the safety of an automotive 
vehicle but also being an un-sprung mass has a pronounced effect on vehicle stability 
and driving comfort. It is thus obvious that only a one-piece wheel of 5° and 15 
design and a method of manufacturing the same would satisfy the requirement as 
enumerated as above. 

However, up to the present time none of the prior processes has enabled one-piece 
steel wheels of 5°and 15° drop center rims to be produced under satisfactory technical 
and /or economic conditions, either on account of the fact that they do not lend 
themselves to mass production at an attractive cost price, or on account of the fact 
that the wheels obtained do not satisfy the requirements of the users, strength, 
minimal unbalance, first harmonic content, and accuracy of the significant dimensional 
characteristics. 

The present invention relates to a construction, apparatus and method for producing 
one-piece wheel of 5°and 15° drop center rim for vehicles, which lends itself 
particularly well to mass production and provides wheels which meet the requirements 
of users such as have been enumerated above. A vehicle wheel of one-piece 
construction requires less material input and is substantially simpler to fabricate as 
there is only one part that is needed to manufacture and there are no assembly & 
welding steps involved, thus resulting in cost savings. 

OBJECTS OF THE INVENTION 

Accordingly, it is an object of the present invention to provide a steel wheel of one- 
piece wheel of 5°and 15° drop center rim construction, a method and apparatus for 
making the same, which overcome the aforementioned problems in an economical and 
reliable manner. 
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J-S^^^EuM^ 1 ^ method of ™^«uhn 9 of a 
wheel. V * reduces """"fctunno cost while providing high strength 

MM^ES? ^ ° f t0 PTOlde fOT » «*"■ "aving very low radial and 

Wmtar object of invention Is „ provide ft,,, ^ ^ ^ ^ ^ 

It Is another object of invenbon to provide for a wheel having very low unbalance 
the blanks. W " Wldtn ' dian,ete| - and offset may be produced from 

wh^SSSKprrd?^ 3 ^^ ° f «*—»»- character. 

S%^o^aSy^„ir v i; e 0 an im r ved — 

MUttl. and JV^£Z^£g£- «"** «" * earned »ui 

SUMMARY THE l^Ve^Tj™ 

the said method compnseftni Swmg £g & ""^ Dead " seat an<1 «*«•» 
M W^^t^'S"'* - Predetermined uniform 

between an inner mand* Tand al«^ fl" 9 p0slt ' 9ned 81 dam » d 
outboard surface which SJI J!* "3 plate - sucn lnnar mandrel having an 
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displace the material in the backward direction to a predetermined shape & size of 
the inner flange, and 



the preform from the previous step, is further spun in a CNC spinning machine to 
impart final shape and profile to the rim portion comprising of well, inner & outer 
bead seats and inner & outer flanges using such inner mandrel, the central line axis 
of which is slightly offset against the centerline of the central hole of the preform 
during spinning operation. 

One aspect of the present invention Is a unique backward & forward material 
displacement and use of a mandrel that is offset against the axis of rotation of the 
preform. The cold spinning & flow forming method for manufacturing one-piece wheel 
of 5 and 15 drop center rim construction, provides a generally circular steel blank 
from a sheet stock of pre-determined uniform thickness, the blank is preferably with a 
center hole pierced to a predetermined size. The blank is preformed in a spinning 
machine to a predetermined profile & cylindrical shape, such preform Is further spun 
and flow formed in a spinning machine, the preform being positioned between an 
outer face plate & inner mandrel held against the damping plate, such inner mandrel 
comprise of a outboard surface which conforms to the predetermined inner diameter 
of the nm, well, the inner & outer bead-seat & outer flange and such outer face plate 
comprise of outboard surface which confirms to the predetermined inner diameter of 
the inner flange. The preform peripheral cylindrical portion is then spun against the 
outboard surface of the inner mandrel & outboard surface of the outer roll to a pre- 
determined profile & form in respect of well, inner & outer bead-seats, outer & inner 
flanges respectively to displace the material in both backward & forward direction. The 
spun rim comprising of predetermined semi-finished well, inner & outer bead seats 
and flanges is further flow-formed and spun In a spinning machine, while the disc 
portion being accurately located in the center hole & clamped against the outer 
clamping plate, the rim peripheral portion being positioned between an inner roll and 
outer shaping roller, such inner mandrel & outer shaping rollers comprise of a 
outboard surface which conforms to the final shape of the well, inner & outer bead 
seats and the inner & outer flanges, to achieve the final profile and shape of the well, 
inner & outer bead-seats and the outer& inner flanges. 

The spun wheel comprising of final well, inner & outer bead seats and before 
displacing the material in both backward & forward direction, the preform Is subjected 
to such operations where the central hole, mounting holes and the vent holes are 
pierced to a required size. 

After final rim profiling & shaping operation, the center hole and the mounting holes 
are machined accurately in a multi-drilling machine. 

After the center hole and the mounting holes are machined accurately in a multi- 
drilling machine, the inner & outer flange Is machined to achieve a flat or round radius 
on its crown edges. 

The principal objects of the present Invention are to provide a unique, low cost method 
of press forming, spinning & flow forming one-piece vehicle steel wheels and the like. 
Steel blank is formed from sheet stock, and is spin and flow formed in a spinning 
operation to reduce manufacturing costs. The spinning & flow forming technique 
employs tools with a simple forming surfaces, which minimizes their associated 
manufacturing cost, as well as repair expenses. The spin forming machine can be 
easily programmed to form different shapes, such that the present method is 
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These two components are then assembled together; the disc fixed at its outer 
peripheral flange to the inner periphery of the rim by welding or some other like 
method to form the complete wheel assembly. The wheels subsequently under goes 
several machining steps to machine center hole and bolt holes. 

PESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVFMTTO M 

Our preferred embodiment of invention is shown in Fig 10 to Fig 16. The following 
description is of the best presently contemplated mode of carrying out the invention. 
This description is made for the purpose of Illustrating the general principles of the 
invention and should not be taken in a limiting sense. The scope of the invention is 
best determined by reference to the appended claims 

The first step of manufacturing a one-piece wheel of 5° and 15° drop center rim 
involves a spinning and flow forming operation as shown in Fig 12, where in the steel 
blank of pre-determined diameter and thickness Fig 11, the blank is preferably with a 
center hole pierced to a predetermined size, is spun and flow formed in a CNC 4~axis 
spinning machine. The operation is now explained in greater detail .The preformed 
steel blank is held between inner mandrel Ml and the clamping plate CI. The roller Rl 
mounted on CNC hydraulically actuated slide, impart rolling pressure on the outer 
peripheral portion of the preformed blank to reduce the thickness at the required 
region and at the same time impart predetermined cylindrical shape and profile as per 
the predefined machine program. The outboard surface of the inner mandrel Ml 
corresponds to such predetermined cylindrical shape & profile corresponding to the 
inner diameter of rim portion. 

The next step involves piercing the central hole, mounting & vent holes in a 
conventional press as shown in the Rg 13 & Fig 14. 

The next step involve forward spinning to extend the cylindrical portion comprising of 
well, inner & outer bead seat and outer flange to an cylindrical shape of predetermined 
inner diameter and width as shown in Fig 15 and at the same time cylindrical portion 
comprising of inner flange is spun in such a way that the material is displaced in the 
backward direction, as shown, to a predetermined inner diameter and width. The 
operation is now explained in greater detail. The preform as shown in Fig 15, is spun 
and flow formed in a CNC 4-axis spinning machine. The preform is positioned between 
inner mandrel M2 and. outer roll F2 and clamped prior to spinning operation by the 
clamping plate C2. The roller R2 mounted on CNC hydraulically actuated slide impart 
rolling pressure on the outer peripheral of the preformed blank to reduce the thickness 
at the required region and at the same time extend the cylindrical portion to a 
predetermined shape and profile as per the predefined machine program. The 
outboard surface of the inner mandrel M2 corresponds to the predetermined inner 
diameter of the rim while the outboard surface of the outer roll F2 corresponds to the 
predetermined inner diameter of the inner flange. The roller R2 is used for both 
forward and backward spinning as shown in the drawing. 

The next step involves final profiling of the rim comprising of well, inner & outer bead 
seats and inner & outer flanges as shown in Fig 16 The spun rim comprising of 
^predetermined semi-finished well, inner & outer bead seats and flanges is further 
formed in a spinning machine, while the disc portion being accurately located in the 
center hole & damped against the outer clamping plate, the rim peripheral portion 
being rolled between an inner mandrel and outer shaping rollers mounted, such inner 
mandrel and outer rollers comprise of a outboard surfaces which conforms to the final 
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shape of the well, inner & outer bead seats and the inner & outer flanges, to achieve 
the final profile and shape of the well, Inner & outer bead-seats and the outer* Inner 
flanges. The operation is now explained In greater detail. The preform from the 
previous operation is located in the central hole and damped against the clamping 
plate C3. The inner mandrel, the central line axis of which slightly offset against the 
centerlme of the central hole of the preform moves in to an exact predetermined 
position. The outboacd surface of the inner mandrel M3 corresponds to the final profile 
of the well and the bead seat. The shaping roll R3 mounted on a slide moves in from 
outward direction to form the profile of well and bead seat. At the same time the rolls 
Rl, R2, R4 and R5 moves into position to form the profile of the inner and outer 
flanges. 

SAMENT FEATURES OF THE INVENTION are as mllows 

A design / construction of a one-piece steel wheel of 5° and 15° drop center rim 
construction of the type having an integral disc and rim portion with inner & outer 5° 
and 15 bead-seat, well and the inner & outer flanges 

A method of producing the wheel consists in providing a generally circular blank; spin 
forming the blank to a pre-determined thickness and profile. The blank is preferably 
with a center hole pierced to a predetermined size. The blank is spun in a spinning 
machine, the bank being positioned and clamped between a mandrel and a clamping 
plate, such inner mandrel having a outboard surface which conforms to the 
predetermined inner diameter of the rim comprising of well, bead seats and flanges. 
The blank peripheral portion is spun and flow formed against the outboard surface of 
the inner mandrel to the predetermined diameter as explained above. 

The method has the step of spin forming the peripheral portion of the blank by 
engaging the same with a forming roller so as to obtain controlled thickness reduction 
and shape in the peripheral cylindrical portion of the blank. 

The method has the step of displacing the material in backward direction, a section of 
the preform cylindrical peripheral portion against the outboard shaping surface of the 
mandrel and an outwardly positioned facing plate to form the predetermined shape of 
the inner flange. 

The method has the step of spin forming a section of the preform cylindrical peripheral 
portion by engaging the same with a forming roller to form the predetermined shape 
of the well, bead seats and flanges. 

The method has the, step of spin forming the bead seat portion of the preform 
outboard section against the shaping surface of the mandrel to form the 
predetermined shape of flange. 

The final profiling method has an inner mandrel, axis of rotation of which slightly 
offset against the axis rotation of the preform. 

A method has the step wherein first-named spin forming step includes a plurality of 
passes of the forming roller. 

A method has the step wherein after first step of spinning operation bolt holes on 
pierced in a conventional press. 

A method has the step wherein after piercing the bolt holes, vent holes are pierced in 
a conventional press 
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t^ZfJc^n^^ 2f P f PTOV L din9 3 diSC blank of substantially uniform 
tmckness and constructed also from low carbon steel of HSLA steel composition. 

^Z?J 0 ^ thiS deta "t d descri P tlon ' refere nce is made to the tools and dies that 
perform the various shaping operations. Because the tooling used in each of the 
shaping operations is conventional devices, which are well Kn in the mrfal 
stamping/forming arts, detail description of the same has not been provided 

,nJ S c£ n be underst00d to* the invention may assume various alternative orientations 
and step sequences, except where expressly specified to the contrary It Is also to be 
understood that the specific devices and processes illustrated ^n the arched 

emboZ'.nK'nf^^ J" f0,,0W,n9 s P^ion are simpire^empiar; 
embodiments of the inventive concepts defined in the appended claims Hence 

d P <=H^H dl h m ■ nSi ° nS an ? °l her Physical Characteristics relating to th ^feflmn 
oiheS n t0 COnsidered as ,imiti "9' un,ess the claims expressly s^S 

in^f 'Jt nC H " ume [°" s modifications and changes will readily occur to those skilled 
?JS. rt ' ,S " 0t des,red to ,imit inv ention to the exact construcbon and 
operation shown and described, and accordingly all suitable modifications and 
eqmvalents may be regarded as falling within the scope of the invention as defined I by 
the claims that follow. 1 
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WE CLAIM 



1. A method of manufacturing a one-piece wheel of 5° and 15° drop center rim of 
the type having well, inner & outer bead-seat and flanges wherein the said 
method comprises the following steps 

providing a generally circular steel blank, preferably of predetermined uniform 
thickness and size, with a center hole pierced, and 

the blank is preformed to a predetermined cylindrical shape & size by 
spinning & flow forming in a CNC spinning machine, the blank being 
positioned & damped between an inner mandrel and a clamping plate, such 
inner mandrel having an outboard surface which conforms to a predetermined 
inner diameter wherein the well, inner & outer bead seats and the outer 
flange are formed in the subsequent operations, and 

the spun and flow formed preform to a predetermined cylindrical shape & size 
is further spun in a CNC spinning machine to reduce thickness consequently 
to increase the width in the forward direction to a predetermined size while 
maintaining the predetermined inner diameter wherein the well, inner & outer 
bead seats and the outer flange are formed in the subsequent operations and 
at the same time further spinning is preformed on the peripheral portion of 
the cylinder to displace the material in the backward direction to a 
predetermined shape & size of the inner flange, and 

the preform from the previous step, is further spun in a CNC spinning 
machine to impart final shape and profile to the rim portion comprising of 
well, inner & outer bead seats and inner & outer flanges using such inner 
mandrel, the central line axis of which is slightly offset against the centerline 
of the central hole of the preform during spinning operation. 

2. The method as claimed in claim 1 wherein spin forming the peripheral of the 
blank by engaging the same with a forming roller so as to obtain controlled 
thickness reduction and shape in the peripheral and inner portion of the blank. 

3. The method as claimed in claims 1 & 2 wherein the material is displaced in the 
backward direction during spinning a portion of the preform peripheral cylindrical 
portion against the outboard surface of an outwardly positioned outer roll to form 
a predetermined cylindrical portion of the inner flange. 

4. The method as claimed in claims 1 to 3 wherein spin forming a portion of the 
blank peripheral portion by engaging the same with a forming roller to form the 
final shape of the well. 

5. The method as claimed in claims 1 to 4 wherein spin forming a portion of the 
blank peripheral portion by engaging the same with a forming roller to form the 
final shape of the bead seat. 

6. The method as claimed In claims 1 to 5 wherein spin forming the bead seat 
portion of the preformed blank is carried out by engaging the same with a 
forming roller against the outboard surface of the outer mandrel to form the final 
shape of outer flange. 
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7. The method as claimed in claims 1 to 6 wherein the first-named spin forming 
step consists a plurality of passes of the forming roller. 

8. The method as claimed in claims 1 to 7 wherein after finish spinning operation 
boltholes are pierced in a conventional press. 

9. The method as claimed in claims 1 to 8 wherein after piercing the center hole, 
bolt holes, vent holes are pierced in a conventional press. 

10. The method as claimed in claims 1 to 9 wherein after piercing the center, bolt 
holes 8t vent holes, the center hole and the mounting holes are accurately 
machined to required size. 

11. The method as claimed in claims 1 to 10 wherein after machining the center hole 
and the mounting holes to an accurate required size, the inner & outer flange 
crown edges are machined to provide a radius or a flat. 

12. The method as claimed in claims 1 to 11 wherein the disc blank provided is of low 
carbon steel or HSLA steel composition. 

13. The method as claimed in claims 1 to 12 wherein a butt-welded hoop of 
predetermined diameter, width and thickness can also be used instead of a blank. 

14. The method as claimed in claims 1 to 13 wherein the butt-welded hoop of 
predetermined diameter, width and thickness can also be used to manufacture 
the rim part alone. 

15. A one-piece wheel of 5° and 15° drop center rim having an Integral disc and rim 
portion is made from a circular blank or hoop by the method as claimed in claims 



16. A method of manufacturing a one-piece wheel of 5° and 15° drop center rim of 
the type having well, inner & outer bead-seat and flanges substantially as herein 
described with reference to the accompanying drawings. 



Dated this the 7 th day of January 2004. 
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